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分子量組成を有する UHMW-PE を対象に、溶融延伸に特有の配向結晶化挙動を in-situ 
（その場）計測し、その結果から、分子鎖絡み合いが相構造変化へ及ぼす影響を検討した。 



















第 4章では、ブレンドフィルムの溶融延伸物を昇温した際の相転移挙動を in-situ WAXD
測定と小角 X線散乱（SAXS）の同時測定によって解析した。さらに、これらの in-situ測
定より得られた解析結果と DSC融解挙動を対比させることで、溶融延伸物の DSC測定で












第 6章では、これら第 1章から第 5章で得られた知見を総括した。本論文では、異なる
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Ultrahigh molecular weight polyethylene (UHMW-PE) with a MW exceeding one 
million exhibits excellent mechanical properties. However, common resin processing 
technique like injection molding is inapplicable for manufacturing UHMW-PE fibers or 
films because of its high melt viscosity, due to a huge amount of chain entanglements. 
Melt-drawing is an unique technique utilizing such high melt viscosity to achieve high 
orientation of molecular chain, which is introduced in Chapter I.  
Chapter Ⅱ discusses the melt-drawing behavior of UHMW-PE films having different 
MWs which were analyzed using in-situ wide-angle X-ray diffraction (WAXD) 
measurements. Increasing of MWs, the hexagonal reflection intensity increases and 
subsequent increase of orthorhombic reflection intensities becomes steeper. Also, the 
higher amount of extended chain crystals (ECCs) was confirmed from ex-situ 
measurements for the resultant melt-drawn films with the higher MW. These results 
indicated that “deep” entanglement which is difficult to disentanglement during melt-
drawing are formed within the higher MW film.  
Chapter Ⅲ discusses the melt-drawing behavior of blend films composed of UHMW-
PE and normal molecular weight polyethylene (NMW-PE) with various ratios. In-situ 
WAXD analysis clarifies that blending NMW-PE delays the appearance of the 
orthorhombic reflections during melt-drawing. These results indicate that “shallow” 
entanglement which accelerates disentanglement during melt-drawing are formed 
when blending NMW-PE. Additionally, morphological observation of the resultant melt-
drawn films suggests that blending NMW-PE induces homogeneous lamellar structure 
composed of folded chains crystals (FCCs). 
   Chapter Ⅳ investigates phase transformation during heating of melt-drawn film of 
UHMW-PE/NMW-PE blend by simultaneous in-situ small angle X-ray scattering 
(SAXS) and WAXD measurements. Compared with the results obtained from the 
differential scanning calorimetry (DSC) measurement, the double endothermic peaks of 
the melt-drawn films are attributed to melting of ECC and FCC.  
   In Chapter Ⅴ, the structural formation during the above uniaxial melt-drawing of 
blend films is extended to biaxial melt-drawing for preparation of the large-sized 
membrane with homogeneous lamellar structure. Subsequent biaxial solid-drawing 
successfully forms the porous membranes having nanometer-sized channels. Despite of 
an excellent porosity, the tensile strength achieves 30 MPa.  
Concluding remarks are summarized in Chapter VI. The “deep” and “shallow” 
entanglements defined in this study are based on the ease of disentanglement of the 
molecular chain entanglements during melt-drawing.  
 
